Gas Temperature Measurements with High Temporal Resolution by Fateev, Alexander & Evseev, Vadim
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Dec 20, 2017
Gas Temperature Measurements with High Temporal Resolution
Fateev, Alexander; Evseev, Vadim
Publication date:
2010
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Fateev, A., & Evseev, V. (2010). Gas Temperature Measurements with High Temporal Resolution [Sound/Visual
production (digital)]. 2nd Gerg Academic Network Event 2010, Bruxelles , Belgium, 03/06/2010
THE GERG ACADEMIC NETWORK EVENT 2010
3 & 4 June 2010 
Brussels
Gas Temperature 
Measurements 
with High Temporal 
Resolution
Supervisor: Dr. Alexander Fateev
PhD Student: Vadim Evseev
DENMARK
Introduction
 The temperature of the flue gas is 
an important parameter of combustion
 e.g. inside
– a boiler of a power plant
– cylinder of an internal-combustion engine
– etc.
 High spatial and temporal resolution is essential 
for accurate modeling of the process
 The analysis helps in
– further development of the models
– optimization of boiler/engine design
– etc.
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Introduction
 Investigations under convenient laboratory conditions
– are not sufficient to verify the models for 
industrial combustors
 Laser techniques offer great opportunities for 
combustion research but
– involve complicated and expensive set-up
– are demanding to alignment
– require more man-hours
 The aim of this work is
– to achieve high enough temporal resolution 
for flue gas temperature measurement 
– to be able to apply commercially 
the technique on industrial scale
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Outline
 Existing methods
 Contact
 Non-contact
 The new system
 Non-contact
– Optics + Grating spectrometer + IR Camera
 Application on the industrial boiler
 Measurement of the flue gas temperature with high temporal resolution
 Future of the system
 Multichannel spectrometer
 2D Tomography of a flame
Thermocouples
 Any junction of dissimilar metals will produce 
an electric potential related to temperature.
– inexpensive
– can measure a wide range of temperatures
– very simple setup
– reliable results
 A thermocouple measures its own temperature.
– It gives somewhat integrated temperature of what it is in contact 
with.
– Response time: 15–60 s.
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Contact Methods
 Suction pyrometers
• thermocouple as a temperature sensor
 radiation shield to avoid radiation from walls
• cooling water to avoid radiation from the shield itself
– suction of the gas to enhance the contact 
with the thermocouple
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Insertion Probe
• Response time: 15–60 s
– Unable to resolve fast temperature fluctuations
• A risk of catching a particle (like small piece of coal or wood)
– Resulting in false temperature reading
Spectroscopy
 Absorptivity:
 How much of incident energy is absorbed
at a certain wavelength λ?
 However each sample also emits radiation by means of thermal radiation:
 – spectral radiance   [ W / (m2 sr m) ]
 How does the sample having temperature T emits radiation at a certain 
wavelength λ?
 Kirchhoff established:
 The relation is a universal function of λ and T independent of a particular 
sample
 Planck derived that function:
 Temperature can be calculated from measured
– spectral absorptivity
– spectral radiance
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Non-Contact Methods
 Insertion Probe + Spectrometer:
• Easy to apply on industrial scale 
when compared to laser-based techniques
• Temporal resolution is determined by the spectrometer
 Fourier Transform Infra Red (FTIR) spectrometer:  2 Hz
– Still not enough to resolve fast temperature variations
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A New System
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Industrial Boiler
 The boiler of a 
biomass-coal power station
 Thermal picture 
of the 40 MW flame
Temperature Variations:  A Straw Region Near the Burner Outlet 
Particles
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Temperature Variations:  A Straw Region Near the Burner
 Zoom In:  1kHz is enough to resolve temperature variations in the flame
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Temperature Variations:  Above the Straw Region
 Here gas temperature is higher than that of particles. Most of heat is 
already released at this point, and hence gas is hotter than particles
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Temperature Variations:  Above the Straw Region
 Zoom In:  Particles do not undergo as huge temperature variations as 
gases do
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Multichannel IR Spectrometer
 A multichannel assembly 
allows to perform spectral 
measurements simultaneously
from several line of sights
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Simultaneous spectral measurements
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2D Tomography of hot gases
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 2D Tomography of hot gas in an exhaust pipe shows distribution of 
temperature or gas concentrations in a pipe cross section
The Flat Flame Burner
 To develop tomography tools we need a burner producing a stable, flat 
flame with known temperature profile
The experimental setup
 An optical setup with CaF2 lenses 
is used instead of optical fibers to 
improve the performance of the 
spectral measurements
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Conclusions
 Temperature and concentrations of combustion gases 
can be measured from their emission spectra
 e.g. spectrum of hot CO2 can be used for the 
measurements of flue gas temperature
 Grating spectrometer + IR Camera is a 
smart solution to provide 
 spectral measurements with high temporal resolution
 possibility of commercial applications on an industrial scale
 This system provides high flexibility and is 
promising in further developments
 simultaneous spectral measurements at several lines of sight
 2D Tomography of hot gases and flames
